Background and PurposezzObstructive sleep apnea (OSA) is more severe during rapid eye movement (REM) sleep than during non-REM sleep. We aimed to determine the features of patients with OSA who experience little REM sleep.
INTRODUCTION
Obstructive sleep apnea (OSA) is a very common condition characterized by recurrent episodes of complete or partial obstruction of the upper airway. 1 OSA causes intermittent hypoxemia, hypercapnia, microarousals, and fragmented sleep. 2, 3 These consequences of OSA have adverse effects on the cardiovascular system, 4, 5 even when the OSA is only mild. [6] [7] [8] OSA is thought to be independently associated with hypertension, stroke, and cardiovascular mortality. [9] [10] [11] The risk factors for OSA include high body mass index (BMI), male sex, old age, supine positioning during sleep, and anatomical pathologies in the upper airway. 12, 13 Sleep-disordered breathing can be present in both rapid eye movement (REM) sleep and non-REM (NREM) sleep, and OSA has been reported to be more severe in REM sleep than in NREM sleep, although this is controversial.
14 Apnea-hypopnea events last much longer in REM sleep than in NREM sleep. 15, 16 Several studies have shown that the apnea-hypopnea index (AHI) does not differ between REM sleep and NREM sleep. [16] [17] [18] In some patients with OSA, the proportion of time spent in REM or NREM sleep can be modified to reduce JCN the severity of the OSA. However, no previous study has focused on the impact of clinical or polysomnographic factors on the alteration of the proportion of REM sleep. The exact relationship between the proportion of REM sleep and sleep quality and the severity of OSA remains largely unexplored.
We used polysomnography (PSG) to examine the proportion of REM sleep in patients who were diagnosed with OSA. The patients were divided into the following three groups according to their percentage of REM sleep: little REM sleep, normal REM sleep, and excessive REM sleep. This study aimed to differentiate the clinical and polysomnographic characteristics of these three groups and determine the features of the little-REM-sleep group.
METHODS

Subjects
We screened individuals who underwent PSG at the Boramae Hospital of Seoul National University between June 2007 and March 2014. The chief complaint of all of these patients was sleep-disordered breathing, including snoring, shortness of breath, or observed apnea during sleep. We obtained a detailed sleep history, past medical history (including medications), and family history, and performed a physical examination, including determining the BMI. Of the 1,141 subjects who completed overnight PSG, 239 (21%) patients were excluded due to following reasons: 174 had an insufficient total sleep time (TST; <4 hours) during the study night, and 65 (6%) patients used REM suppressants such as tricyclic antidepressants or selective serotonin-reuptake inhibitors. Approval for this study was obtained from the institutional review board at the Boramae Hospital of Seoul National University (IRB No. 26-2016-70 ). We obtained a written informed consent for participation in this study from each patient or his/her legal representative.
Overnight PSG and continuous positive airway pressure titration
Subjective daytime sleepiness was measured with the Epworth Sleepiness Scale (ESS) and Stanford Sleepiness Scale (SSS). The Pittsburgh Sleep Quality Index (PSQI) was used to measure the quality and disturbances of sleep during the last month wherein a total score of greater than 5 indicated poor sleep quality. 19 The subjects were asked not to drink alcohol or caffeinated beverages and to go to sleep and wake up at their habitual hours for a week before the study. The sleep studies were recorded with Twin-PSG software (Natus Neurology Incorporated, West Warwick, RI, USA). Overnight PSG was performed with a six-channel electroencephalogram (F3/A2, F4/A1, C3/A2, C4/A1, O1/A2, and O2/A1), a four-channel electrooculogram, an electromyogram (submental and anterior tibialis muscles), and an electrocardiogram with surface electrodes. A thermistor, nasal air pressure monitor, oximeter, piezoelectric bands, and body position sensor were also attached to the patients. The sleep architecture was analyzed in 30-s epochs, and sleep staging was scored according to the standard criteria of Rechtschaffen and Kales. The apnea and hypopnea events were scored, and the AHI was calculated for each patient. 20 Obstructive apnea was defined as a reduction in airflow of 90% or more lasting for at least 10 s, during which there was evidence of persistent respiratory effort. Hypopnea was defined as a reduction in airflow of 30% or more lasting for at least 10 s and accompanied by a decrease in oxygen saturation (SpO2) of 4% or greater compared with the pre-event baseline. The time for which the blood SpO2 was below 90% was estimated. Overnight continuous positive airway pressure (CPAP) titration was performed on another night, and the optimal pressure was estimated according to the clinical guideline for manual titration of a positive airway pressure. 21 We regarded the CPAP titration as successful when the AHI was ≤50% of baseline and ≤10 events/hour.
22
Statistical analysis
The subjects in this study were divided into the following three groups according to their proportion of REM sleep during the TST: little REM sleep (REM sleep <20% of TST), normal REM sleep (20-25% of TST), and excessive REM sleep (>25% of TST). 23 All of the continuous quantitative variables are presented as mean±SD values. The differences in continuous variables between three groups were assessed by one-way analysis of variance with adjustments for multiple comparisons made using post-hoc analyses with Bonferroni's correction. A multiple logistic regression was applied to further evaluate certain factors in the little-REM-sleep group. Variables that were significant (p<0.05) in the preliminary univariate analyses and those previously reported as significant were included in the multivariate analysis. Additionally, partial correlation analysis was applied to the variables after controlling confounding factors. All of the analyses were performed with the SPSS statistical software (version 19.0, IBM Corporation, Armonk, NY, USA). Probability values less than 0.05 were considered indicative of statistical significance.
RESULTS
Clinical and polysomnographic data
In total, 902 patients with sleep-disordered breathing were enrolled in the study, comprising 684 (76%) men and 218 (24%) women. The age and BMI of the patients were 47.9± In PSG, the TST was 354.1±53.0 min, AHI was 18.7±22.0 events/hour, and the respiratory disturbance index was 22.9± 22.3 events/hour. The AHI was significantly higher in the little-REM-sleep group (22.1±24.4 events/hour) than in the normal-and excessive-REM-sleep groups (p=0.004, p<0.001). The AHIs in the supine and lateral positions were significant higher in the little-REM-sleep group than in the other groups ( Table 2 ). The little-REM-sleep group showed a significant reduction of the lowest SpO2 and an increased time for which the SpO2 was below 90% compared to other groups.
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The little-REM-sleep group had a significantly lower sleep efficiency and higher arousal index (p<0.001). The proportion of time spent in a supine position during the study night did not differ significantly among the three groups.
Descriptive features according to sex
In all three groups the women were older than the men (p<0.001). The BMI was significantly higher in men than in women in the little-and normal-REM-sleep groups. Men had higher AHI, longest apnea, and prolonged time below 90% SpO2 in all three groups. In addition, the AHI was significantly higher in the little-REM-sleep group than in the other two groups in both sexes. Arousals were more frequent in men than in women. The detailed information is presented in Table 3 .
Factors associated with little REM sleep
The clinical variables and PSG data were evaluated in order to determine whether they were related to patients with OSA and little REM sleep. Higher BMI and AHI values were significantly related to little REM sleep in univariate logistic regression (p=0.025 and p<0.001, respectively). In consideration of the sleep position (supine or lateral) and sleep state (REM or NREM sleep), higher AHI was significantly predictive of little REM sleep. A short TST was also significantly related to little REM sleep (p<0.001). Table 4 summarizes the results from univariate logistic regression models that estimated the risk of a decrease in the proportion of REM sleep in patients with OSA. We performed a multivariate analysis of the predictive factors that were found to be significant in the univariate analysis. Reduced TST and reduced REM sleep, increased AHI as a total, and increased AHI in NREM sleep seemed to be codependent variables. In the multiple logistic regression, codependent variable overlap was avoided. The multiple logistic regression showed that a higher AHI (p<0.001; odds ratio, 1.512; 95% confidence interval, 1.020-1.812) was independently predictive of little REM sleep. Sleep position in patients with OSA had no predictive value for the reduction of REM sleep. The detailed results of the multivariate logistic regression are presented in Table 5 . The partial correlation analysis produced similar results. AHI was negatively correlated with the proportion of REM sleep after adjusting confounding factors including BMI, age, and sleep position.
Treatment response to CPAP titration
Moderate-to-severe OSA was present in 193 of the 461 patients in the little-REM-sleep group. Thirty patients underwent overnight CPAP titration, of which 21 (70%) completed CPAP titration successfully with an optimal pressure ( Table 6 ). Mod- 
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erate-to-severe OSA was also present in 95 of the 264 patients in the normal-REM-sleep group. Twenty of the 21 (95%) subjects successfully completed CPAP titration with an optimal pressure. The titration success rate was lower in the little-REM-sleep group than in the normal-REM-sleep group (p=0.038). There was no significant difference in the optimal pressure between the little-and normal-REM-sleep groups.
DISCUSSION
This study found distinct features in patients with OSA who had little REM sleep. These patients showed a significantly increased AHI. We applied multiple logistic regression models and a partial correlation analysis to determine the independent factors related to the diminished REM sleep. The following potential confounding factors were adjusted: age, sex, caffeine intake, smoking status, alcohol intake, BMI, and sleep parameters. To the best of our knowledge, this is the first study to focus on the proportion of REM sleep and to estimate predictive factors of little REM sleep in patients with OSA.
The muscle tone of the upper airway is usually thought to be suppressed more during REM sleep than during NREM sleep. Previous studies have found that longer durations of apnea and larger decreases in SpO2 occurred more often after apnea events in REM sleep than in NREM sleep. 15, 24 During REM sleep, cholinergic-system-mediated inhibition of the hypoglossal nerve may suppress the genioglossus muscle tone, potentially increasing the collapsibility of the upper airway. 25, 26 Decreased upper airway muscle activation, impaired genioglossus reflex responsiveness to negative pressure, and reduced chemosensitivity are potential explanations for the worsened apnea during REM sleep. Some studies have suggested that OSA patients are more likely to have higher AHI during NREM sleep than during REM sleep. [16] [17] [18] However, the present consensus is that OSA is worse in REM sleep than in NREM sleep. 15, 24, 27 The subjects in our little-REM-sleep group showed a higher AHI and larger decreases in SpO2 compared with patients in the other two groups. Our findings suggest that the decreased exposure time to REM sleep might be a compensatory mechanism to reduce the severity of the apnea events or a pathologic process itself, especially in patients with higher AHIs. This plausible hypothesis of reduced REM sleep being an adaptation to severe OSA is supported by the phenomenon of REM sleep rebound after applying CPAP. 28 Patients in our little-REM-sleep group demonstrated more severely fragmented sleep as well as more sleep-disordered breathing compared with patients in the other two groups. This phenomenon was also found when each sex was analyzed separately. Men showed a worse status of sleep fragmentation and sleep-disordered breathing compared to women in all REM sleep groups. The severity of OSA was worse in both men and women who experienced little REM sleep. Given that the women in the three REM sleep groups were much older than the men, it seems likely that the differences in sleep parameters could be due to sex-related differences rather than to age-related differences.
A previous study involving 99 obese patients showed that a reduction in the proportion of REM sleep was best predicted by an increased BMI. 29 However, the reduction of REM sleep was not significantly correlated with OSA severity in that study. The present study involved a larger sample of 492 obese and 410 nonobese subjects, and regression models and partial correlation analysis were applied to determine the factors related to the decreased proportion of REM sleep in the patients with OSA. Higher BMI, higher AHI, and longer time below 90% SpO2 were significantly associated with little REM sleep in a univariate regression analysis. Furthermore, we analyzed the predictive value of AHI for the reduction of REM sleep according to various combinations of sleep stage (REM and NREM) and position (supine and lateral). In all situations, increased AHI had a robust impact on little REM sleep. However, sleep position did not affect the REM sleep reduction. To estimate the independent effect of AHI on the proportion of REM sleep, codependent variables associated with AHI and REM sleep were avoided in multivariate analysis. TST, sleep efficiency, and arousal index were considered as codependent variables. Despite the reduced TST in the little-REM-sleep group, the habitual sleep time reported in the sleep questionnaires did not differ significantly between the three groups, being 6.3±2.1, 6.1±1.8, and 6.1±1.7 hours in the little-, normal-, and excessive-REM-sleep groups, respectively. The first-night effect during the PSG study is a possible reason for this discrepancy. Among the possible candidates, a higher AHI was the predictive factor for the reduction of REM sleep. Unlike a 
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previous study, 29 BMI after adjusting for AHI was not associated with the proportion of REM sleep in the present study, which could be due to the BMI being lower in Asian than in Western populations. Our results suggest that worse sleep apnea could decrease the proportion of REM sleep, but BMI and sleep position might not affect the REM sleep reduction.
Nasal CPAP therapy has been the most effective and generally used treatment for OSA. 30 However, 25% to 50% of patients with OSA reportedly either refuse to try or fail to maintain CPAP therapy. 31 Some patients show a poor therapeutic response to CPAP treatment, either without symptom improvements or without reductions in overall respiratory events. The success rate of CPAP titration was significantly lower in our OSA patients who experienced little REM sleep than in those who experienced normal REM sleep. This present finding suggests that the small proportion of REM sleep in the baseline PSG is a reason for the poor effectiveness in the CPAP treatment.
The amount of REM sleep is significantly positively correlated with the formation and performance of procedural memory. 32 In an animal study, rats showed greater memory retention and behavioral performance on memory-requiring tasks after they experienced an increased amount of REM sleep. 33 Another study involving rats found that decreased REM sleep seemed to impair the performance of complex memory tasks. 34 In the theories based on human studies, sleep stages play different roles in memory. [35] [36] [37] [38] REM sleep has been associated with the consolidation of nondeclarative memories such as procedural skills and emotional memories, whereas slow-wave sleep has been closely related to hippocampus-dependent declarative memories (episodic and semantic memories). 36 A recent study demonstrated that REM sleep had a role in the consolidation of spatial navigational memory in human subjects, and that apnea-induced disruption of REM sleep had a negative effect on cognition. 39 This is an additional reason why patients with OSA-especially those who experience little REM sleep-should be treated.
In conclusion, the AHI is higher in OSA patients with little REM sleep than in those with normal REM sleep. OSA patients with little REM sleep also tend to have a lower arousal threshold, which predisposes them to disrupted and fragmented sleep. Furthermore, the success rate of CPAP titration was significantly lower in the little-REM-sleep group than in the normal-REM-sleep group in the present study. Clinicians need to be aware of and also be able to identify these unique features of patients with little REM sleep in order to ensure good clinical practices.
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